INTRODUCTION {#s1}
============

For many people in today's society, a smartphone is one of life's essential goods. Some 56% of the population of the United States use a smart phone, and the average time spent on a smartphone per day is 5.1 hours[@r1]^)^. The number of mobile phone subscribers in Korea was approximately 57,330,000 in March 2015, 41,260,000 of whom were smartphone subscribers[@r2]^)^. It is commonplace for smartphones to be used to access music, video, and social network services (SNS), as well as to make and receive calls. Smartphones have become not only an example of modern high-tech equipment, but also a daily necessity. If people have used a smartphone for a long time, their posture might appear slouched. Smartphones, unlike computers, feature a small screen that is likely to induce a more slouched posture toward a line of sight below eye level[@r3]^)^. When used for a long time, a video terminal such as a smartphone might therefore induce an improper posture, for example, forward head posture or slouched posture[@r4]^)^.

Forward head posture (FHP) is a common neck disease in contemporary society, and it is caused by sitting at a desk for a long time[@r5]^)^. Maintaining a continuous posture leads to damage to the ligaments around the neck or lumbar[@r6]^)^. In addition, such a posture is caused by muscle fatigue and decreased physical activity. As a result, the weakness of the respiratory muscle decreases the lung capacity and increases pain and disease[@r7]^)^. Eventually, excessive use of a smartphone may cause the maintenance of a slouched head posture for a long time and hence impose stress on the musculature as well as skeletal changes that may cause the loss of the C-shaped curve in the cervical spine, which may start to curve forward instead. Such a disarrangement may cause homeostasis, which controls the blood supply and metabolites in the muscles, and it can result in significant pain and a loss of function[@r8]^)^.

Forward head posture is defined as a posture that adopts upper cervical extension and lower cervical flexion. The center of gravity of the head in this posture is positioned at the front rather than the vertebral body weight[@r9], [@r10]^)^. This increase in forward head posture has been demonstrated to correlate with respiratory muscle weakness in patients who have neck trouble, and it leads to muscle weakness and a decrease in the range of motion[@r11], [@r12]^)^. In addition, forward head posture usually leads to increased stress due to the muscle shortening of the neck extensors, especially at the back of the head[@r13]^)^. Thus, this problem can be addressed through an improvement of the forward head posture, for example, muscle strengthening for posture alignment or stretching for shortened muscles[@r14], [@r15]^)^. In order to treat forward head posture, it is necessary to consider the correct posture, work environment, and exercise therapy[@r16]^)^. In order to improve this posture, heat, traction, and exercise have all been used[@r17]^)^. Various methods such as joint mobilization, stretching, isometric strengthening exercises, endurance exercises, and proprioceptive exercises have also been applied depending on the method and theory utilized by the therapist or the patient's condition[@r18]^)^. The exercises recommended by Mackenzie and Kendall have also been used to treat forward head posture[@r19]^)^.

McKenzie's exercise program involves repeated self-treatment exercises performed by patients, with a focus on extension exercises. The exercise program includes joint motion exercises, manual therapy, and patient education. Kendall's exercise program focuses on the notion that unstable forward head posture can be corrected via alignment exercises, although this not only involves strengthening the deep neck flexors and shoulder retractors, but also stretching the chest muscles[@r20]^)^. For participants with forward head posture, this study applied a modified cervical exercise that combined McKenzie's and Kendall's exercises, which have proven the effectiveness of exercise.

The aim of this study was to investigate the effect of the modified cervical exercise program and determine the importance of therapeutic exercise. The study also aimed to examine the impact of the exercise program on participants' joint range of motion.

SUBJECTS AND METHODS {#s2}
====================

The initial subjects chosen for this study were 39 adults (21 males and 18 females) recruited at Kangwon National University. However, those subjects with a craniovertebral angle (CVA) of more than 54° were excluded. Therefore, 32 subjects (17 males and 15 females) ultimately participated in the study. Their mean age was 21.6 ± 1.9 years, their mean height 168.4 ± 8.8 cm, and their average weight 65.0 ± 12.0 kg ([Table 1](#tbl_001){ref-type="table"}Table 1.General characteristics of subjects (N=32)Group A\
(n=11)Group B\
(n=11)Group C\
(n=10)Age (years)20.9 ± 1.721.4 ± 1.522.5 ± 2.2Weight (kg)60.0 ± 10.468.3 ± 12.766.9 ± 12.0Height (cm)166.5 ± 7.6170.1 ± 10.6168.7 ± 8.5Values are means ± standard deviation.). The subjects understood the experimental purpose and methods and agreed voluntarily to participate in the study. The research participants also signed written informed consent forms in accordance with the Declaration of Helsinki before beginning the experiment.

The inclusion criteria for this study were the following: more than one year using a smartphone, a CVA of less than 54°, no disabilities affecting dizziness or balance, no nervous system or musculoskeletal disease, and no respiratory problems. The following exclusion criteria were applied: vestibular system problems, and being unable to perform the exercises. The 32 selected subjects were randomly allocated to three groups that performed the modified exercises either once, twice, or three times per day for four weeks.

The modified cervical exercises were performed in the following manner: (1) slowly pull the subject's neck to the head, thereby attaching the chin to the neck; (2) the subject's eyes should be looking directly forward; (3) hold both hands on the back of the subject's head; (4) ask the subject to push his/her head backwards against the hands; and (5) ask for the hands to be spread as wide as possible in order to stretch the pectoralis major. Each group performed three sets of exercises, with one set being defined as five circuits, that is, performing 7 sec of exercises followed by 10 sec of rest. To reduce the potential for errors, skilled physical therapists supervised the performance of the exercises. Group A performed the exercises in the morning, Group B exercised in the morning and afternoon, while Group C exercised in the morning, afternoon, and the evening. The modified cervical exercises were performed five times per week for four weeks.

The craniovertebral angle is defined as the angle between a horizontal line passing through the C7 vertebra and a line extending from the tragus of the ear to the C7 vertebra. With their head in a natural resting position, the subjects were asked to focus on a target that was positioned at eye level. While taking a picture of the lateral view in order to measure the angle correctly, the tragus of the ear was marked and a pointer was taped to the skin overlying the spinous process of the C7 vertebra. Foot scanner (Gaitview Pro 1.0, alFOOTS, South Korea) was used to measure the CVA. The subjects were photographed using the posture analyzing system among the functions of the foot scanner and then the photos were analyzed by cross-line of posture test. To reduce the errors in this study, the average value was calculated from three measurements. All statistical analyses were performed using SPSS version 18. A paired t-test was used to determine the difference in the CVA pre- and post-exercise. A one-way ANOVA was used to determine the inter-group differences. In addition, the Bonferroni post-hoc test was used. The statistical significant level was set as p\<0.05.

RESULTS {#s3}
=======

A significantly increased range of motion was seen in all three groups that performed the modified cervical exercises (p\<0.05). According to the analysis of the effects among the three groups, the greatest effect was seen in Group C, members of which performed the modified exercises three times per day. In addition, the post-hoc analysis indicated that there was a significant difference between Group A and Group C (p\<0.05) ([Table 2](#tbl_002){ref-type="table"}Table 2.Comparison of forward head posture among groups (Unit: angle)PrePostChangeGroup A50.9 ± 3.254.8 ± 5.1^\*\*^3.8 ± 3.4^3\*^Group B51.7 ± 5.157.4 ± 4.2^\*\*^5.7 ± 4.4Group C49.0 ± 5.157.8 ± 4.8^\*\*\*^8.7 ± 5.0^1\*^\*p\<0.05, \*\*p\<0.01, \*\*\*p\<0.001. ^1^ significantly different compared with group a. ^2^ Significantly different compared with group b. ^3^ Significantly different compared with group C.).

DISCUSSION {#s4}
==========

Although smartphones have similar functions to devices such as computers and televisions, as well as offering functions related to music, utilizing the small screen on a smartphone makes it difficult to maintain a proper posture. The normal spinal curvature is not maintained because of the forward head posture adopted when using a computer or smartphone for a long time. As a result, smartphone users experience an increase in musculoskeletal problems in the neck and shoulder[@r21]^)^. Therefore, the importance of exercise and proper training should be emphasized for people who are likely to develop postural deformities due to incorrect posture habits and daily living patterns. The purpose of this study was to investigate how the degree of momentum of the modified cervical exercise affects participants in terms of improving their forward head posture.

For the improvement of forward head posture, this study offered modified cervical exercises that were a combination of the movements recommended by Mackenzie and Kendall. The exercises were performed five days a week for four weeks. In addition, the participants were randomly allocated to three groups depending on the amount of exercise sessions performed per day: once a day, twice a day, or three times a day.

The results of this study showed that there were significant differences among the three groups pre- and post-training. The forward head posture showed the most improvement (8.76 ± 5.06°) in the group that exercised three times a day, followed by the group that exercised twice a day (5.71 ± 4.42°) and then the group that exercised once a day (3.88 ± 3.42°). The mean of the participants' CVA was increased from 50.62 ± 4.56 to 56.67 ± 4.83, and it showed improved ROM in the cervical spine. The average angle of the participants' CVA was found to increase the range of motion of the joints in the cervical spine. The significant difference in all groups after pre-post training was able to mean that the modified cervical exercise was effective to improve forward head posture. Although the group A that performed the modified cervical exercise one time per day was improved the CVA, the group C that performed the exercise three times per day showed more improvement. This means that the more exercise a subject do, the better the subject's head posture is. Harman[@r22]^)^ demonstrated the effect of Kendall's exercise program in a study involving a treatment group and a control group with forward head posture. The results of this study were consistent with those of that prior study.

The modified cervical exercises in this study consisted of neck extension exercises and stretching of the chest muscles at the same time. In addition, the participants pulled their chins to the back of the head and then the cervical deep muscles of the neck were strengthened with pressure posteriorly. Further, the chest muscles were stretched as much as possible by holding the hands beyond the head. This posture not only stretches the chest muscles, but also strengthens the scapular retractor muscles. The modified cervical exercises only took 8 minutes. Although they only required a short time to complete, the exercises appeared to be effective in improving forward head posture. In addition, the modified head exercises proved effective in increasing the range of motion of those with forward head posture when performed three times a day.

The modified cervical exercises were simple and easy-to-follow exercises. Additionally, the exercises lead to an improvement for subjects who have forward head posture and who do not have enough time to dedicate to other exercises likely to improve their posture. The modified cervical exercises attempted in this study were found to be effective in improving the movement of forward head posture. Therefore, the modified cervical exercises combining Mackenzie's exercise program and Kendall's exercise program, which were known to effectively decrease neck pain and increase ROM, are considered to contribute to the recovery and improvement of forward head posture. In addition, it is suggested that the modified cervical exercises are able to prevent chronic diseases in people with forward head posture but other symptoms.

This study did have some limitations, for example, the small sample size and the lack of control over participants' activities, leading to problems with generalization. Future studies should therefore consider the number of subjects and the persistency of the improved posture following the intervention.
